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Background: As our world ages and the elderly population grows. Surgery on the aged critically ill tend to
result in additional morbidity and mortality. We sought to determine early predicting factors that were
associated with postoperative leakage and tissue healing deﬁciency after emergent abdominal surgery in
geriatric critically ill patients.
Material and method: Retrospectively, geriatric critically ill patients received anticipated, single-stage
emergent abdominal surgery via emergency room were enrolled. Patients who received only one
deﬁnitive surgery during their hospital course were labeled as group A, patients received anticipated
one-stage surgery and eventually with postoperative leakage and tissue healing deﬁciency were labeled
as group B. The demographics and parameters were obtained for comparison.
Result: There were 45 patients in group A, and 34 patients in group B. The mean age is 77.4  6.1 years in
Group A and 76.9  8.5 years in Group B, the mean APACHE score was 20.3  7.5 vs. 21.6  7.7. There
were no signiﬁcances in age, gender, comorbidities, and physiological scores. There were signiﬁcances in
the persistent post-operative use of vasopressors and hypoalbuminemia. The 30-day mortality rate was
0% in group A and 38.2% in group B.
Conclusion: Persistent post operative vasopressor use and hypoalbuminemia are associated with higher
rate of morbidity and mortality after emergent abdominal surgery in geriatric critically ill patients. Early
recognition is essential for proper management. Further studies are required for a better understanding
in identifying risk factors.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
The aging society has become a global issue; therewere growing
expenses of medical care for aging patients among countries. By the
deﬁnition given by the World Health Organization and most
developed countries, a person 65 years or older is considered
“elderly” or an older person. The medical care and treatment of
these aged patients should be carried out carefully [1e4].ter, China Medical University





ciates Ltd. Published by Elsevier LtBecause of thedecreasedphysiological reserve and tissue frailty in
the geriatric patients, it would be rational to expect higher rate of
morbidity and mortality in elderly patients that received surgery
[5,6]. Nonetheless, the situation would be more complicated in
geriatric critical ill patients that receivedemergentacute care surgery.
Evaluating the predicting and risk factors for the complications
in geriatric patients receiving surgery is of importance, therefore, in
this retrospective study, we tried to determine early predicting
factors for tissue healing insufﬁciency in geriatric critical ill patients
that received emergent abdominal surgery via emergency room
and admitted for intensive care.
2. Material and method
During July 2008 and January 2011, we reviewed the charts of
patients aged more than 65 years old that had received emergentd. All rights reserved.
Table 1
Type and indications for operation.
Type of operation One staged op. Unplanned relaparotomy
N ¼ 45 % N ¼ 34 %
Upper GI (gastroduodenal) perforation,
hemorrhage, obstruction
16 35.6 12 35.39
Upper GI (small intestine) perforation,
hemorrhage, obstruction
9 20.0 12 35.3
Lower GI perforation,
hemorrhage, obstruction
14 31.1 8 23.5
Hepato-biliary-pancreas infection 6 13.3 2 5.9
The Fisher’s exact test showed that the distribution of type of operation was not
statistically different between one staged operation and unplanned relaparotomy
(p ¼ 0.397).
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been admitted to our intensive care unit at the Trauma and
Emergency Center. All patients received an emergent laparotomy
under the evaluation and judgment of qualiﬁed gastroenterology
surgeons preoperatively, the causes for emergent laparotomies
were uncontrolled gastrointestinal tract hemorrhage or intra-
abdominal infection and contamination induced sepsis state; as
well as ischemia or gangrenous change of part of gastrointestinal
tract or viscera. The operational procedures include hemostatic
procedures; repair and reconstruction for gastrointestinal tract le-
sions or ischemic change. After the operator concerned the strategy
of treatment and the severity of the clinical presentation, tissue
viability, as well as the perioperative conditions while completion
of the surgery; As a result, those patients received an anticipated
single, deﬁnitive operative procedure and admitted to intensive
care unit were selected for study.
Patients that were sustainable to receive a laparoscopic surgery
procedure and patients received planned re-operations were not
candidates for this study, patient expired within 48 h after the
completion of surgery were also excluded.
Institutional review board approval was not required for this
type of retrospective research in our institution.
Patients who receive anticipated single-stage laparotomy may
develop signs/symptoms of tissue healing insufﬁciency that deviate
from preoperative expectations andmay require a relaparotomy for
further management. In the current study, this include (1) post-
operative site hemorrhage, (2) anastomosis leakage; (3) laparot-
omy wound dehiscence and evisceration that need repair in the
operation theater, (4) non surgical site visceral ischemia or intes-
tine perforation.
The decision of receiving relaparotomy in the operation theater
was approved by both attending surgeon and intensivist. Patients
who developed minor intra-abdominal infection or abscess and
received a successful percutaneous drainage procedure or conser-
vative antibiotic treatment were considered to have received a
single-stage operation, as well as patients with laparotomy wound
insigniﬁcant dehiscence and minor evisceration that can be
amended at bedside.
Therefore, patients who received an anticipated, single deﬁni-
tive procedure preoperatively were enrolled in this study and
divided into two groups, Group A, which received a single deﬁnitive
laparotomy, and Group B, which received an anticipated, single
deﬁnitive laparotomy initially, but with tissue healing insufﬁciency
and received relaparotomy afterward.
The demographics, pre-existing medical conditions, laboratory
data, and acute physiology and chronic health evaluation II
(APACHE II) scores were obtained for study. Patients with sepsis
and septic shock were managed according to the guidelines from
the Surviving Sepsis campaign [7].
Patient received vigorous resuscitation and vasopressors (e.g:
norepinephrine or dopamine) were given in the setting of a
persistent, postoperative hemodynamic instability state. The use of
persistent post-operative use of vasopressors was deﬁned as use of
vasopressors more than 72 h postoperatively. The use of vaso-
pressors included the use of norepinephrine, dopamine, and
epinephrine.
The preoperative laboratory data were obtained from emer-
gency room, serum albumin level less than 2.4 g/dl was deﬁned as
hypoalbuminemia [8]. The calibrated normal range of serum lactate
was 4.5e19.6 mg/dl in our institution.
2.1. Assessment of patient severity
It is difﬁcult to estimate and assess the severity of surgical
critically ill patients precisely because there were inter-tangledfactors (i.e.: most risk factors correlate with one another, and
cannot be assessed independently). However, we try to make the
assessment of the severity of surgical critically ill patients in the
current study.
We use ASA (American Society of Anesthesiologists) score for
evaluation of physiological status during operation. We also use
the physiological and operative severity scores for the enumer-
ation of mortality and morbidity (POSSUM) scoring system for
evaluating physiological status and surgical mortalities and
morbidities in our surgical critical ill patients. The POSSUM in-
cludes evaluation of physiological severity, operative severities,
operational procedures, total blood loss, degree and extent of
peritoneal soiling, mode of surgery. etc; which is thought to be
reliable for evaluation of patients and operative severity and for
surgical audit [9,10].
Therefore, we use these scores (ASA score, physiological-
POSSUM, operative-POSSUM, and Sum of POSSUM scores) as well
as conventional APACHE II scores for incorporated evaluations and
assessment of the preoperative and postoperative multiple clinical
parameters of our surgical patients.2.2. Statistical analysis
Means and standard deviations were used to summarize the
continuous variables. Comparisons of the two groups were per-
formed using a two-sample t-test for continuous variables, and a c2
test for nominal variables. For all tests, two-sided p-values were
calculated with 0.05 as the level of signiﬁcance. The Statistical
Analysis System (SAS) was used in the analysis.3. Result
During this 32 months, there were a total of 115 patients aged
more than 65 y/o received emergent abdominal laparotomy and
admitted to the intensive care unit. Among these 115 patients, there
were 36 patients excluded because of surviving less than 48 h after
the operation.
Therefore, a total of 79 aged patients received anticipated, one-
stage emergent non-traumatic abdominal surgery were included in
the current study. Of the 79 patients, 45 patients received only one
deﬁnitive surgery during their hospital course and were labeled
group A. The 34 remaining patients who received anticipated one-
stage abdominal surgery, which progressed to unplanned relapar-
otomy were labeled group B.
There were no differences between the type and indications for
receiving surgeries between two groups (Table 1). The mean age is
77.4  6.1 years in Group A and 76.9  8.5 years in Group B, the
mean APACHE score was 20.3  7.5 in Group A and 21.6  7.7 in
Group B. There were no signiﬁcances in age, gender, pre-existing
Table 2
Comparison of demographics between Group A and B.
Unplanned relaparotomy P-value
No (n ¼ 45) Yes (n ¼ 34)
N % N %
Gender (male) 29 64.4 26 76.5 0.250
DM 15 33.3 5 14.7 0.059
Hypertension 29 64.4 16 47.1 0.122
Renal disease 7 15.6 6 17.6 0.804
Heart lung disease 18 40.0 20 58.8 0.097
PreOP (septic) shock 10 22.2 6 17.6 0.616
Liver cirrhosis 1 2.2 1 2.9 0.999
Albumin supplement 41 91.1 33 97.1 0.384
Preoperative vasopressor 9 20.0 6 17.6 0.792
Intraoperative vasopressor 13 28.9 11 32.4 0.740
Postoperative vasopressor 11 24.4 21 61.8 0.001*
ASA grade 0.251
2 1 2.2 0 0.0
3 9 20.0 3 8.8
4 26 57.8 19 55.9
5 9 20.0 11 32.4
Result (survival) 45 100.0 21 61.8 <0.001*
P-value by Chi-square test or Fisher’s exact test when appropriated.
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(Table 2).
There were no signiﬁcances in preoperative lactate levels, base
deﬁcits, APACHE II scores, POSSUM scores and blood transfusion
amount (Table 3).
There were signiﬁcances in the persistent post-operative use of
vasopressors, preoperative and postoperative serum albumin level
(<2.4 g/dl) (Tables 2 and 3). These factors were also found to be
independent risk factors for leakage and tissue healing deﬁciency
under logistic regression (Table 4).
The overall unplanned relaparotomy rate was 43.0% (34/79).
There were 5 post-operative site bleeds; 13 anastomosis leakages
and 11 complete laparotomywounds dehiscence with evisceration;
another 5 incidences of non-surgical site visceral ischemia or in-
testinal perforation.
There were no patients with mortality in group A within 30
days, whereas the 30-day mortality rate in Group B was 38.2% (13/Table 3
Comparison of physiology scores and laboratory data between Group A and B.
Unplanned relaparotomy P-value
No Yes
N Mean  SD N Mean  SD
Age 45 77.4  6.1 34 76.9  8.5 0.542
BUN (ER) 45 35.9  23.5 34 40.0  41.4 0.556
Cr (ER) 45 2.1  2.4 34 2.5  2.6 0.077
Admitted APACHE score 45 20.3  7.5 31 21.6  7.7 0.269
Lactate admission 33 29.1  24.5 23 35.9  33.8 0.538
Admission base deﬁcit 37 4.2  4.4 34 5.7  7.2 0.858
Serum albumin level (ﬁrst 24 h) 45 2.7  0.7 34 2.1  0.6 <0.001*
Serum albumin level
(48e96 h s/p OP)
45 2.7  0.4 33 2.2  0.4 <0.001*
P-POSSUM score 45 35.1  11.0 34 33.1  10.9 0.569
O-POSSUM score 45 18.0  6.4 34 20.0  5.9 0.078
Total POSSUM score 45 53.0  11.1 34 53.1  13.2 0.992
Admission sugar 45 224.7  166.3 34 151.0  89.3 0.002*
BT, RBC in milliliter 45 661.1  1021.3 34 970.6  1440.0 0.629
Total length of stay 45 25.1  20.3 34 40.1  26.0 0.001*
ICU days 45 11.3  8.3 34 21.5  17.8 0.009*
P-value by student’s t-test.
P-POSSUM: physiological severity score of POSSUM.
O-POSSUM: operative severity score of POSSUM.
BT: blood transfusion, RBC: red blood cell.34). Patient that received unplanned relaparotomy were with
higher mortality rate.
4. Discussion
As our world ages and the elderly population grows, surgeons
now have to confront with increasing numbers of geriatric patients.
While the aged patients are characterized with limited physiolog-
ical reserve and tissue fragility, surgery on the aged critically ill tend
to result in additional unplanned procedures, a longer hospital stay,
and increased medical expense [11]. Thus, the high incidence of
comorbidities and acute surgical events in the aged patients group
remain challenges and a search for risk factors are important [12e
14].
Common causes of morbidities in patients receiving emergent
non-traumatic abdominal surgery include post-operative hemor-
rhage, anastomosis leak, and laparotomy wound dehiscence or
evisceration [15,16]. Yet, it is difﬁcult to estimate and identify the
relating factors of surgical critically ill patients that were at risk of
morbidities due to the multi-factorial nature.
It has been reported that age, severity of diseases, preoperative
comorbidities were all attributing factors for postoperative
outcome in patients receiving abdominal surgery [17e21]. In the
current series, there were no signiﬁcant differences in age, gender,
and preexisting diseases between two groups (Table 2).
There were reports that serum lactate and metabolic acidosis
are indicators of inadequate tissue perfusion and are predictive
factors for mortality in patients with severe sepsis and septic shock
[22e24]. In the current series, there were no differences in the
admission base excess and serum lactate level between groups
(Table 3) which may indicate that there were no obvious discrep-
ancies in the status of severity and tissue perfusion in emergency
room and on admission between groups. Suggesting that preop-
erative serum lactate and base excess are of equivalent impacts in
two groups.
In the assessment of patient severities with scores, there were
no differences in the POSSUM and APACHE II scores, as well as ASA
scores, indicating that there were equally scored severity between
two groups (Table 3).
There were signiﬁcances in the persistent post-operative use of
vasopressors, lower preoperative and postoperative serum albumin
level (<2.4 g/dl). These factors were also found to be independent
risk factors for leakage and tissue healing deﬁciency under logistic
regression (Tables 2e4). This might indicate that lowered serum
albumin level were with worse outcome.
There were reports that albumin has beneﬁcial effect in intra-
vascular volume expansion, and plays important physiologic role in
transporting biologically active molecules as a drug binder. In
addition, serum albumin maintains permeability of the capillary
membrane and colloid osmotic pressure; inhibition of platelet ag-
gregation, and as a free-radical scavenging antioxidant [25,26].
Lower serum albumin level has been reported to be a risk factor for
postoperative morbidity [27e30]. As is well known, hypo-
albuminemia is often associated with capillary leak, edematous
tissue change, delayed wound or anastomosis healing; it results in
delayed enteral feeding and increases the risk of wound disruption
or anastomosis leakage [31e33], which often leads to unexpected
relaparotomies. In the current series, the differences in preopera-
tive and postoperative hypoalbuminemia were signiﬁcant between
the two groups either using a single variable test or multivariate
logistic regression (Table 4). Though there might be limited number
of cases, as well as multiple confounding factors that inﬂuence the
expression and presentation of serum albumin. Serum albumin
level was of value as an early indicator for leakage and tissue
healing deﬁciency in our study.
Table 4
Logistic regression results of unplanned relaparotomy.
Total Reoperation Univariate analysis Multiple analysis
N % OR 95% C.I. P-value OR 95% C.I. P-value
Postoperative
vasopressor
No 47 13 27.7 1.000 1.000
Yes 32 21 65.6 4.993 (1.893e13.169) 0.001* 4.047 (1.026e15.955) 0.046*
Albumin
admission 24 h
Mean  SD 2.42  0.75 2.06  0.6 0.253 (0.117e0.547) <0.001* 0.158 (0.055e0.459) 0.001*
Albumin level
48e96 after OP
Mean  SD 2.45  0.49 2.15  0.38 0.042 (0.009e0.202) <0.001* 0.028 (0.005e0.173) <0.001*
Admissional sugar Mean  SD 192.97  143.89 151.03  89.3 0.994 (0.988e1.000) 0.040* 0.996 (0.989e1.003) 0.231
OR: odds ratio.
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in patients with severe sepsis or septic shock, which may result in
persistent vasopressor use and may lead to inadequate tissue
perfusion and oxygenation. It has been reported that the perioper-
ative use of vasopressors is associated with increased risk of
gastrointestinal anastomotic leakage [34]. In the current series, the
persistent post-operative use of vasopressors was associated with
postoperative leakage and tissue healing deﬁciency and adverse
outcomes. One probable explanation is that preoperative systemic
inﬂammation and local tissue damage may not have fully resolved
after the ﬁrst surgery and may have resulted in postoperative
impaired tissue perfusion and persistent hypotension that required
persistent use of vasopressors for more than 72 h. Which indicate
that change of physiological reserve may play an important role in
the risk factors for leakage and tissue healing deﬁciency in aged
patients. Therefore, a policy of adequate resuscitation and close
monitoring of hemodynamics should be undertaken.
There were 14.7% (5/34) relaparotomies for the non-surgical site
intestinal ischemia or intestinal perforation in the current series,
this might be due to persistent use of vasopressors, which were
thought to decrease splanchnic blood ﬂow and result in mesenteric
ischemia and possible necrosis and perforation [35e37]; another
explanation for non-surgical site visceral ischemia or intestinal
perforation might be resulted from systemic septic emboli that
induced progressive tissue ischemia [38e40]. However, further
studies are needed to conﬁrm these speculations.
In comparing with other large series [41], we have similar
relaparotomy rate for leakage and tissue insufﬁciency but higher
30-day mortality rate (43.0% vs. 42%, 38.2% vs. 29%), we assumed
that the higher mortality rate might be attributed to higher age
(77 y/o vs. 65 y/o) in our series, which were thought to be with
more decreased physiological reserve and tissue fragility after
anesthesia and operation procedures.
Though there were multi-factorial character of leakage and tis-
sue healing deﬁciency in aged critically ill patient who has received
abdominal surgeries, attempts to reduce the incidence of un-
planned relaparotomy might include vigorous but precautious
resuscitation strategies to reduce the need for vasopressors, deli-
cate surgical procedures, total post-operation care, and a high index
of suspicion for healing insufﬁciency. In addition, it has been sug-
gested that correcting hypoalbuminemia is beneﬁcial and aids in
increasing nutritional status [42e44], which might reduce the rate
of leakage and tissue healing deﬁciency and unplanned relapar-
otomy. Therefore, we suggest that an early recognition and man-
agement of hypoalbuminemia in emergency room are of
importance. However, further prospective randomized studies are
needed.
4.1. Limitation of this study
We recognize the limitations of this study, including its retro-
spective nature, small sample size and the probable bias in caseselection, which may restrict our analytical conclusions. Addition-
ally, because there were multi-factorial character of unplanned
relaparotomy in the critically ill patient who has received abdom-
inal surgeries, it is difﬁcult to collect all the related data in this
study. Therefore, the evaluation of physiological statuses and se-
verities of these patients werewith physiological scores rather than
detailed clinical parameters.
Further multi-center randomized studies are warranted with
predeﬁned enrollment criteria for a better understanding of this
issue.
5. Summary
Leakage and tissue healing deﬁciency among the aged critically
ill who have received abdominal surgeries is costly and may result
in additional unplanned procedures, a longer hospital stay, and a
higher morbidity andmortality rate. Our data shows that persistent
post-operative vasopressor use and serum hypoalbuminemia are
associated with unplanned relaparotomy after emergent, non-
traumatic abdominal acute care surgeries in aged critically ill pa-
tients. Thus, early recognition of this situation in the emergency
setting and initial admission phase is essential for proper correction
and management. However, further randomized controlled studies
are required.
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